Objective-To assess the effectiveness of current measures for protecting shipyard welders and caulkerlburners (WCBs) from the respiratory effects of fumes. Methods-Shipyard tradesmen born after 1953 (cohort 1), and 181 older men, subjects of a previous study (cohort 2), were assessed, then followed up after an average interval of 6'7 years. The respiratory associations with shipyard trades were assessed cross sectionally and longitudinally and an estimate made of the likely effects of selection bias. Cohort 1 comprised 90% of the 462 eligible WCBs and 239 other tradesmen; there were 31 exclusions. At follow up 139 of 146 men still in the shipyard and 43% of those who had left were reassessed. The lapses were mainly due to migration. All members of cohort 2 were followed up for respiratory symptoms (from MRC questionnaire), were recorded, and indices reflecting all aspects of lung function were measured.
from the respiratory effects of fumes. Methods-Shipyard tradesmen born after 1953 (cohort 1), and 181 older men, subjects of a previous study (cohort 2), were assessed, then followed up after an average interval of 6'7 years. The respiratory associations with shipyard trades were assessed cross sectionally and longitudinally and an estimate made of the likely effects of selection bias. Cohort 1 comprised 90% of the 462 eligible WCBs and 239 other tradesmen; there were 31 exclusions. At follow up 139 of 146 men still in the shipyard and 43% of those who had left were reassessed. The lapses were mainly due to migration. All members of cohort 2 were followed up for respiratory symptoms (from MRC questionnaire), were recorded, and indices reflecting all aspects of lung function were measured.
Results-At the initial assessment and independent of smoking, trade as a WCB was associated with increased prevalences of chronic cough, phlegm, and wheeze, a reduced transfer factor, and an enhanced age related deterioration in peak expiratory flow (measured cross sectionally). Continued work as a WCB was associated with enhanced deterioration in lung function despite some amelioration of respiratory symptoms; the deterioration was influenced by whether or not exhaust ventilation had been used for every weld. The effects of fume on forced expiratory volume, flow-volume curvilinearity, mean transit time, and moment ratio were independent of and at least as large as those due to smoking. Enhanced deterioration in peak expiratory flow was confined to WCBs who smoked. These effects of trade, but not those of smoking, were nearly independent of atopy.
Conclusion-In WCBs the working practices over the period of the study did not prevent the development of mild respiratory impairment. In WCBs who used exhaust ventilation at all times, the impairment seemed to reverse by discontinuation of exposure. Thus existing hygiene measures should be applied rigorously. The biological effectiveness of these and any other necessary supplementary measures should be assessed by long term monitoring of forced expiratory volume and peak expiratory flow. The changes in lung function were particularly evident in welders who were also smokers or had an atopic constitution. 4 Most of the subjects for these studies had worked in the shipyards before the introduction of exhaust ventilation in the early 1970s and probably had been exposed to high concentrations of fumes. Our study was directed at finding out if current hygiene measures adequately protected young men (mean age 23 years), most of whom began work after 1973 when local fume extraction became widely available. The study was planned as a longitudinal one but due to large scale redundancies many workers left the industry after the first examination and were not available for follow up. This could have biased the population that remained. The extent of any initial bias was assessed by comparing the findings at first examination for workers who were reassessed, with those who were lost to follow up. A detailed cross sectional analysis of all the initial data was also undertaken. The results showed that the hygiene measures, though they usually met the current hygiene standard, did not protect fully against the respiratory effects of fumes from welding and burning: however, in the caulker/burners and those welders who reported that they always used their extraction hoses the impairment in lung function seemed to completely reverse when exposure was discontinued.
Methods

SUBJECTS AND TIMETABLE
The 234 welders and 228 caulker/burners employed at four shipyards on the Tyne who were born after 1953 were identified from a list of employees dated 4 April 1980 and supplied by the management. With the agreement of the Amalgamated Society of Boilermakers, the men were approached and invited to participate in the study, which was explained to them. The investigation had the approval of the local ethics committee.
Examinations were conducted between August 1980 and September 1984 by which time 222 welders and 194 caulkerlburners had been seen; they comprised 95% and 85% of the defined population.
Electricians identified from the works list were chosen as the control group, but volunteers from other trades were also accepted; 239 men were seen. Subsequently three welders and four caulker/burners were excluded because their results were of poor technical quality or because of incomplete data or unrelated medical conditions. A clinical history of asthma led to the exclusion of a further 24 men (six welders, six caulker/burners, and 12 other tradesmen). The results for the remaining 624 men (designated cohort 1) were included in the cross sectional analysis. The follow up study started in 1987 and was completed in 1991.
Exactly comparable longitudinal information to that obtained for cohort 1 was also available for 181 older men (cohort 2, initial mean age 41-7, range 29-4-47-4). These men, who were the subjects of an earlier cross sectional study,) had started work before the introduction of exhaust ventilation and related hygiene measures. Their results, which were not included in the main analysis, contributed to the inquiries into the possible relevance of atopy and the effectiveness of exhaust ventilation, once it had been introduced.
INFORMATION THAT WAS OBTAINED
At each attendance the MRC questionnaire on respiratory symptoms (1976) with additional questions about employment, exhaust ventilation, and habitual leisure time activity was completed. (Questionnaire obtainable on request from MRC, 20 Park Crescent, London WIN 4AL.) Also in the second part of the initial survey the amount of current cough was assessed quantitatively on a 10 point scale by the method of Field.6 Atopy was determined from the response to skin prick tests performed at the second examination except for 44 men who reported a history of hay fever on both attendances: 20 of these men were skin tested and found to be positive so the remaining 24 For these indices the highest of the first three technically satisfactory expirations was accepted for analysis. The selection criteria were that the FVC was within 5% of the maximum, the F/V curves were of similar overall shape, and the PEF was within 10% of the maximal observed value.'I For the microprocessor calculation of FEV, the expiration was considered to have started when 01 I had been expired. Subsequently, the tape records were reprocessed with a portable computer (Amstrad): the F/V curves were replotted and the start of forced expiration was redefined by back extrapolation of the steepest part of the volume-time curve to zero time. The indices were then recalculated and additional indices were derived, including the forced expiratory time up to expiration of 99% of FVC (FET), the maximal midexpiratory flow (MMEF), the average rate of flow during the expiration of the last part of the FVC (FEF,,,s,..), the area under the F/V curve (F/V area), and the area ratio for the curve between the peak and the end of expiration. The ratio was that of the total area under this part of the curve to that of the triangle formed by replacing the descending limb of the curve by a straight line. The index reflected the curvilinearity of the F/V curve. Also, the data were submitted to moments analysis to obtain the mean transit time (MTT) and its derivatives. These included the moment ratio (MR). The indices were obtained from F/V curves truncated by volume after the expiration of 75%, 90%, and 99% of the FVC. The method is described elsewhere."
The transfer factor of the lung for carbon monoxide (TI') was measured in duplicate by the single breath method (P K Morgan). The alveolar volume used in the calculation (VA') was that obtained from the dilution in the lung of helium contained in the test gas mixture. Gas analysis for carbon monoxide was by infrared absorption and for helium by katharometry. The equipment was calibrated and the results calculated by standard methods.'2 12 Also, on most workers the total lung capacity (TLC) and the subdivisions functional residual capacity (FRC) and residual volume (RV), were measured by the closed circuit helium dilution method.'3 In these subjects the airway obstruction index was 34 group.bmj.com on July 8, 2017 -Published by http://oem.bmj.com/ Downloaded from calculated from FEV,%, RV%, and VA'!VA.14 Maximal respiratory pressures sustainable for one second by inspiration from functional residual capacity (MIPFRc) and expiration from total lung capacity (MEP) were measured in triplicate with a closed brass tube (dead space 110 ml), differential pressure transducer linear to 30 kPa (mercury) and Y/t recorder J J Instruments). The subject wore a nose clip. For the measurement of expiratory pressure a capillary leak was used to avoid error due to contraction of the muscles of the cheeks. For the measurement of inspiratory pressure the connections to the transducer were reversed to avoid any error due to the calibration characteristics of the two sides not being identical. The highest value was recorded. The calibration of the pressure transducer was checked daily and monitored regularly during use.
In 181 workers from cohort 1 (and also those in cohort 2) the slope of the alveolar plateau for nitrogen recorded during a slow expiration after a single slow VC breath of 100% oxygen, the closing volume, and the closing capacity were measured with HewlettPackard equipment. This comprised a nitrogen analyser (model 47302A), Fleisch No 1 pneumotachograph and flow transducer (model 47304A), XYt printer (model 9841A), and desk top computer (model 9825). The slope of phase III was taken from when 30% of VC had been expired to the onset of phase IV by the criteria of Craven et al."5 The measurements conformed to the recommendations of the National Heart and Lung Institute'6 on flow rates (<0.5 1 s-l), consistency of all the VC manoeuvres (±5%), and absence of step changes in nitrogen concentration.
ESTIMATES OF EXPOSURE
The WCBs supplied information on the proportions of time they had spent in confined and semiconfined spaces. The resulting index of exposure did not make a significant contribution to the analysis. The welders also reported on their use of exhaust ventilation; the information was used to subdivide welders into those who did or did not use exhaust ventilation 100% of the time. This categorical variable was included in the final analysis. Also, views were elicited from welders about the effectiveness of exhaust ventilation.
Routine proportional, as well as a linear model (units respectively Ax/-x y 'and ml y-').
For the longitudinal analyses, age (A, y) was the mean over the period of follow up. Change in stature (ASt, m y-') was included because most of the men were still growing on entry into the study. Body mass and fat free mass (FFM) were expressed as body mass index (BMI) and FFM.St (in the units kg m-2), as these indices were independent of stature. Initially, AFFM.St-2 was used fin association with A%fat in preference to ABMI because in the cross sectional analyses, the component terms accounted for more of the explained variance than BMI. For the longitudinal analysis, however, BMI proved to be equally informative.
Smoking, depending on circumstances, was treated as either a categorical or continuous variable; the continuous variable was based on the number of cigarettes smoked a day at the time of the follow up survey. For the cross sectional analysis, smokers were defined as current smokers plus those who had discontinued smoking within the preceeding six months. Non-smokers had never smoked as much as one cigarette a day for one year. Exsmokers were excluded from the cross sectional analysis. For the longitudinal analysis ex-smokers were reclassified as smoker or non-smoker depending on whether or not they had ever smoked during the period of follow up.
Trade (T) was a categorical variable where 1 identified a man as having been a WCB and 0 as an electrician or other tradesman. For most analyses, WCBs were treated together because, although their occupational exposures differed, their scores for respiratory symptoms, lung function, and change in lung function over the period of follow up were found to be similar; this was also the case in the previous longitudinal study.4 Shipyard (SY) was used in the longitudinal analysis to identify men who either continued to work in one of the original shipyards or had left but had practised their trade in another shipyard for at least 85% of the available time. The WCBs who continued to work in a shipyard were identified by the interaction term T.SY; this term was accepted as making a significant contribution to the variance explained by the regression only in the presence of the constituent terms T and SY. The equation that was reported was then that for all terms that made a significant contribution to the variance explained by the regression.
In the multiple regression were admitted in a stepwise order that reflected their cont explained variance. The 5% lev4 was accepted as significant.
Results
FINDINGS AT INITIAL ATTENDAN SECTIONAL ANALYSIS)
Description of subjects Table 1 shows the mean age ax of the 624 men included in the analysis. The group includes non-smokers and 261 current average tobacco consumption v 0-1-58-6) g a day. Compared M non-smokers, a higher prop smokers were WCBs (P < 0 0 were significantly older than th men (mean ages respectively 2: < 0-01). The proportion of me respiratory symptoms was relai (table 2) and, for some symr Among the non-smokers the wheeze, the grade of curren adjusting for age), and a history phlegm (but not of cough an more than three months in related to the trade of WCJ smokers the prevalence of chrc cough was related to trade (tal effects of trade were indepc amount smoked (table 3(B)). tSymptoms from MRC questionnaire of respiratory symptoms.
analyses, terms Lungfunction at initial assessment fashion in the The mean lung function of the workers was tribution to the that to be expected for healthy men"; however, el of probability the ranges were wide. This was due in part to the lungs of the younger men not having reached their adult size; hence total lung capacity and all its subdivisions except expiratory reserve volume were related positively to age. ,CE (CROSS Among the indices obtained by dynamic spirometry, PEE increased with age despite an age related decline in maximal respiratory nd other details pressures. All the other dynamic indices cross sectional including the FEV,, the maximal flows d 294 lifetime M.EFsoI.c and MAEF25%.FVC1 the transit time smokers whose indices, and FET showed an age related detewas 18-6 (range rioration. Similar changes were found in the vith the lifetime closing volume and capacity, although not in )ortion of the the nitrogen slope. For the indices where the 1). The WCBs trend with age was towards deterioration this ie other trades-was in most instances enhanced by smoking. 3-5 and 22-3, P Trade as a WCB was associated with n that reported increased curvilinearity of the F/V curve (F/V ted to smoking area ratio reduced), an increase in expiratory ptoms, to age. reserve volume (and hence in functional fesidprevalence of ual capacity), and a reduction in transfer fac-I cough (after tor. Trade was also associated with an age ry of producing related deterioration in PEF and in expiratory id phlegm) for vital capacity. The effects of trade were indethe year were pendent of those of smoking except in the B. Among the case of the mean transit time at 75% trunca- One hundred and forty six men were still working in the shipyard at the time of follow up and 139 (95%) of them were reassessed: the seven lapses were due to refusal. Of the 478 men who had left the yard 207 (43%) were reassessed. The 271 lapses were mainly due to moving out of the area or to loss of contact despite repeated attempts (246 men). Two men had died and there were 23 refusals. The lapses from the initial population included a significantly higher proportion of the WCBs than of the other tradesmen. The lapses as a group and the WCB lapses on their own were significantly younger (by on average 1-7 years), comprised significantly more smokers, and had initially reported significantly more respiratory symptoms than those who were reassessed. The initial lung function of the lapses and of the men who were Longitudinal changes in lungfunction Overall changes; roles of age and of anthropometric factors-Over the period of follow up the FEV, declined by on average 11 1 ml yand Tl' by 0-1 1 mmol min-I kPa-I y-'. The PEF increased by 35-I ml s ' y--' and the total lung capacity by 16-4 ml y-'. These and the other changes in lung function (table 1) were associated with and to some extent due to increases in stature and body mass and composition (see analysis); table 6 indicates the contributions of anthropometric factors to the changes in lung function. After allowing for growth, the annual changes in all the principal indices of lung function, but not the ratio indices (for example, FEV,%), were correlated with mean age (as defined in analysis). Except in the case of FEF7, ,-.5 (where bias occurred on account of concurrent changes in vital capacity with age), the effect of increasing age was always deleterious.
Relevence of atopy-Atopy in smokers was associated with impaired airway function as assessed by AFEV,%, AMEF2%FVC, AFET, and changes in the mean and dispersions of transit times for blows truncated at 99% of VC. Atopy interacted with trade to reduce the F/V area ratio and, if men from cohort 2 were included, with smoking and trade to increase the airway obstruction index.'4 For most of these indices the variance attributable to atopy in smokers (Sm.atopy) was less than that associated with continued work as a WCB (T.SY). For example in the case of AFEV,%, 2-4% of the variance was accounted for by SM.atopy compared with 4-8% by T.SY. Thus the effects of atopy were confined to smokers and seemed to be peripheral to the Terms are given in the order of their contributions to the explained variance; the sum of the contributions-that is, the proportion of variance explained by the regression-are in parentheses; the numbers of subjects for the different tests are given in table 1. Occupation did not contribute to the descriptions of AFVC, ATLC, AFRC, ARV, Atransfer factor, AKco, or Aslope III of the single breath nitrogen test. *Term only of borderline significance (P = 0-11) when component terms (not themselves significant) were forced into the regression.
objectives of the present study. Atopy was not included in the final analysis.
Smoking and trade as a WCB-Among the follow up population, continuing to smoke (Sm in table 6) had an adverse effect on the development of FEVI, FEF785%1%C, and mean transit time. These effects were independent of those of shipyard trade. In other instances smoking was detrimental in association with exposure to shipyard fumes. Trade (T) as a WCB, independently of whether or not a man had left the shipyard, was associated with adverse changes in inspiratory vital capacity and residual volume (AIVC, ARV%); there were beneficial changes in mean transit time (MTT99%ewvc) and moment ratio (MR9%Fvc).
(For WCBs who continued in the shipyard, the relative improvements in these indices were more than offset by deterioration associated with continued exposure to shipyard fumes.) Smoking apparently interacted with shipyard trade to impair the development of expiratory vital capacity (AEVC). Continue d shipyard work as a WCB was associated with enhanced deterioration in FEV,, FEF7585%, F/V area, and mean transit time and moment ratio (T.SY significant in table 6). There was also enhanced deterioration of PEF and inspiratory capacity, but for these indices the additional deterioration was confined to smokers (T.SY.Sm significant in table 6). Figures 1  and 2 illustrate the average effects of smoking and of occupational history on the evolution of FEV, and PEF in a hypothetical shipyard worker. The indices for which the annual changes were independent of trade, smoking, or work in the shipyard included FVC, transfer factor, Kco, total lung capacity, functional residual capacity and nitrogen slope.
For the 198 men who did not smoke during the period of follow up, the changes in lung function associated with trade and with continued work in the shipyard were essentially the same as in the whole group (figs 1 and 2). Reported use of exhaust ventilationInformation as to whether or not exhaust ventilation was used 100% of the time was obtained at follow up on 100 welders in cohort 1 and 109 welders in cohort 2. For both cohorts together 115 men (55%) reported regular use. The decline in FEV, experienced by these men was smaller by 16 ml y-' compared with those who were less punctilious. (For the two cohorts separately, the improvement was significant in cohort 2 and nearly significant in cohort 1 (p = 0 065).) The beneficial effect of regular use was also evident among the subgroup of men who left the yard before follow up (n = 127). Among the subgroup who remained some benefit may have occurred, but it did not reach statistical significance (p = 0 093). Regular use of exhaust ventilation improved the development of PEF in those welders who were smokers.
Discussion
Since the dawn of history the techniques for building ships have been in a state of was assessed from the findings for 56 of the men who were seen on three occasions, the first about three years before they were included in the present study. For these subchanges did not stop with jects two estimates of the annual change in in the 1930s of welding for FEV, and FVC were available, one from the mild steel. Within the life-first and second examinations, the other from rrent welders the changes the second and third examinations. The mdan withdrawal of asbestos from differences in these two estimates with their elimination of potentially standard errors were respectively -0-0046 treatments for steel plate, (0-011) 1 y-' and -0 0097 (0-013) 1 y-(fig position of steel, the use of 3). Also, the WCBs and other tradesmen were different forms of local seen concurrently so, if there had been any i at the site of the weld, and longitudinal trends in the measurements these ious types for screening off would not have biased the principal comparigases which are produced. son. ve altered the nature of the Bias could have occurred by selective uantity which reaches the recruitment to the different trades; it could Lsceptibility of the workforce also have occurred between those who modified by changes in remained in the yard or were made redundant llution, alterations in smok-or left for other reasons and, among the ing habits, and the composition of tobacco smoke and alterations in the criteria used for selecting apprentice welders. On account of these changes previous studies of the mortality and morbidity of welders, including studies of lung function, are unlikely to be relevant for welders entering the industry today. No study can be up to date, however, as during the time between an exposure and its effects becoming manifest the technology is likely to have changed further. Also, the appraisal of the effect is seldom instantaneous. For assessing chronic changes in lung function a follow up period of five to seven years is usually considered optimal.'8 was about three years before they were included in the present study.
-Ho-FVC -I-FEV leavers, between those who were reassessed and the men who eluded follow up."9 In the event the only selection at entry was self selection as the same medical criteria were applied to all apprentices independent of trade. The leavers included a higher proportion of WCBs than of other tradesmen and more of the men with respiratory symptoms. Among the leavers the lapses similarly included more WCBs, more smokers, and more of the men with symptoms. Thus to some extent the bias introduced by the retention in the yard of relatively asymptomatic workers was mirrored by the follow up being similarly biased in favour of the more asymptomatic leavers. Possibly for this reason the initial results for dynamic spirometry and lung volumes were consistent between the several groups. A different pattern was found for transfer factor, which was significantly better in the leavers who were reassessed compared with the lapses. When subdivided by trade, however, the mean transfer factor standardized for age and stature, for the lapses amongst the WCBs was not significantly different from that for the WCBs who were followed up (respectively 11-97 and 12-05 mmol minm ' kPa '). There was a similar pattern for the other tradesmen. Thus the possible selection bias with respect to respiratory symptoms did not extend to the initial lung function. The hypothesis that selection bias on account of symptoms could have influenced the decline in lung function was tested by extending the analysis of AFEV, and APEF (table 6) to also include symptoms; the men with symptoms experienced an enhanced deterioration, but the association was independent of trade. Thus whereas bias due to selection factors could not be ruled out its occurrence seems unlikely to have contributed to the differences in lung ftmction between the WCBs and other tradesmen.
The present workers in cohort 1 were selected on account of their youth and of having only worked in the industry after the introduction of exhaust ventilation and other hygiene measures. After 1978 the working environment was subject to continuous monitoring, which mostly indicated good standards of control where exhaust ventilation was used correctly. Thus it was not expected that the men's respiratory systems at the time of entry to the study would have been materially affected by industrial fumes. In the event, the prevalence of respiratory symptoms was influenced by the WCBs including a higher proportion of smokers than the other tradesmen. Also, both in non-smokers and in smokers stratified by the amount smoked, trade as a WCB was independently associated with increased chronic cough, phlegm, and wheeze. Overall, the WCBs who smoked had a disproportionately increased prevalence of chronic cough. The occurrence of symptoms was associated with a greater degree of airflow limitation compared with that attributable to smoking and trade. On entry to the study and independent of smoking, however, trade as a WCB was associated with a relatively low peak expiratory flow and other evidence of mild respiratory impairment; among subjects with a normal FEV,%, the welders who were also smokers exhibited an extended mean transit time. Thus at the time of admission to the study the WCBs already exhibited minor respiratory impairment compared with the other tradesmen. This was probably due to exposure to fumes, and not to differences introduced at initial recruitment to the yard,2 or to selection for study of other tradesmen with above average respiratory health; however, the proportion of refusals among the electricians was not recorded.
The longitudinal analysis was complicated by several factors: these included the high levels of redundancy and the loss to follow up of men who left the industry and subsequently moved away from the area. The possible effects of these factors have been discussed earlier. A proportion of WCBs continued their trade outside the shipbuilding industry. They were classified as WCBs no longer in the slipyard (hence for the analysis summarised in table 6, T = 0), as in such circumstances only very minor lung damage can be attributed to welding fumes.20 21 Any effect from such exposures would have been in the direction of underestimation of both the damage to the lungs from shipyard welding, and the improvement from giving it up.
Many men changed their smoking habits more than once during the period of follow up. This was allowed for by defining as a smoker anyone who was smoking at any time during the period of follow up. Men who were ex-smokers throughout were included with the non-smokers. Some men who were made redundant seemed to vegetate and put on weight whereas others took up physical exercise, sport, or weight training. Any of these activities could have led to changes in fat and muscle and in consequence might have influenced lung function3 2; the changes were allowed for by including in the initial analysis separate terms for changes in body fat and muscle. The use of these terms, however, did not materially increase the proportion of variance explained by the regressions compared with ABMI.
The study was made over the period in life when lung function is normally in transition from improving as a result of physical growth and maturation to deteriorating due to exposure to tobacco smoke, wear and tear, and other components of ageing.23 These factors affect the different lung function indices in sequence so that for most of the present workers the FEV was deteriorating throughout the period of observation (AFEV, negative in table 1) whereas FVC and PEF were increasing (AFVC and APEF on average positive). With few exceptions, increasing age exerted a deleterious effect; this was represented by a positive coefficient on age in the equation describing AMTT,,1.VC (table 6) , and a negative coefficient for most other indices. Hence for most indices, the relation of change in lung function to age was curvilinear (see figs). The effects of smoking, trade, and work in the shipyard were superimposed on these basic patterns.
Over the period of follow up the likelihood of developing respiratory symptoms was mainly linked to smoking, but trade as WCBs influenced the onset of productive cough. The analysis of factors associated with loss of symptoms was weak on account of the small numbers of men who both initially had chronic cough and or phlegm and were followed up. The numbers were greater for wheeze and here continuing to work in the shipyard had a favourable influence: this paradox was probably due to self selection but a contributory factor could have been a progressive improvement in the working environment over the period of the study.
The longitudinal changes in lung function showed a less ambiguous pattern. Welders and caulker/burners who continued to work in the shipyard on average exhibited evidence for additional narrowing of all classes of airway compared with other tradesmen or WCBs who left the shipbuilding industry. For indices that are believed to mainly reflect the calibre of medium and small airways including AFEV1, AFEF7,5 85%Fvc, and changes in transit time indices, AFN area, the fume related narrowing was independent of smoking. For welders in the shipyard protection was provided by exhaust ventilation when it was used 100% of the time. For PEF, which is influenced by the calibre of the larger airways, and also the inspiratory capacity, the adverse effect on WCBs was apparently confined to the smokers; 100% use of exhaust ventilation did not provide protection. This result was obtained in the relatively asymptomatic WCBs who continued to work in the shipyard. No evidence was obtained to support the hypothesis that the more symptomatic men who left the industry might have fared worse had they remained but, as pointed out earlier, any error would have been in the direction of underestimating the effect of continued work as WCBs.
On leaving the industry the more sympto- other tradesmen in the yard. Whereas the difference was seen for both the initial and final results separately the longitudinal changes were, however, mainly independent of atopy. This result differed from that obtained previously for older men. 4 The reason is unclear but it could be related to the high prevalence of atopy among cohort 1 and to the present but not the previous result for WCBs being largely independent of that of smoking. The relative magnitudes of the effects of work as WCBs and of smoking are contained in their respective contributions to the total variance explained by the multiple regression equations and in the size of the relevant parmeters. These features can be compared directly from those indices where both effects were present without there being significant interaction between them; the relevant indices were AFEVI, AFEF5-85%, and AMT'T'S%FvC (table 6 and fig 1) . For all these indices the term T.SY accounted for rather more of the variance than the term Sm, and the associated coefficients were significantly larger. Similarly amongst WCBs, the average change in APEF associated with smoking was less than the change associated with discontinuing work in the shipyard (fig 4) . Thus on average, exposure to fumes for WCBs during a working week was at least as harmful to the lung airways as smoking 18 6 cigarettes per day.
Conclusions and implications
In the present study of shipyard workers who were predominantly in the 20-30 year age group.bmj.com on July 8, 2017 -Published by http://oem.bmj.com/ Downloaded from group, work as a WCB was associated with excess respiratory symptoms and with changes in lung function suggestive of narrowing of all classes of airways. The effects were largely independent of smoking. They were equivalent to smoking an average of 18 6 cigarettes per day and for the caulker/burners, were reversed after discontinuing exposure. Among welders the effect of the fumes was greatest in those who admitted to not using their exhaust ventilation at all times; such men experienced a work related deterioration in FEV,, which did not improve during the period of follow up (on average 4-0 years) after leaving the shipyard. For regular users who continued in the shipyard, the present levels of respiratory protection were probably effective in reducing or even eliminating the respiratory effects of welding fumes on FEV,; however the confidence limits of the estimates were too wide for accurate estimation of any residual impairment. The protection provided by exhaust ventilation was less complete when assessed in terms of PEF, but again the changes were reversible, unlike in the intermittent users of exhaust ventilation, among whom there was no evidence for full recovery. The shipyard welders had been required to use personally directed local exhaust ventilation throughout their employment, although its regular use did not of itself guarantee that the exhaust hose was placed in the optimal position or that the suction was adequate; indeed some men volunteered that these features were suboptimal. The results of the hygiene monitoring and related findings were reported as indicating that the environmental control usually conformed to the current occupational exposure standards when the equipment was used correctly. In the absence of exposure data for individual men the adequacy of the standards could not be assessed. The present results showed a need for stricter application of existing measures for controlling fumes, and accurate monitoring of respiratory symptoms and function to establish whether or not the control was adequate. In addition, further attempts should be made to discourage smoking. The monitoring should be by questionnaire and longitudinal measurement of both FEV and PEF as these indices measure different aspects of the response. Other indices from the FN curve and the transit time analysis of spirograms provided mainly confirmatory information whereas transfer factor and most of the lung volume measurements were uninformative. For the purposes of monitoring, the equipment should be calibrated regularly and the technicians should have been trained to the high technical standards required for longitudinal studies.
The study was made possible through the collaboration of all levels of management, the staff of the shipyard medical centre. and the work force at the shipyard. 
